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Abstract: Marine Roseobacter clade is a phylogenetically coherent, but physiologically diverse group of ao—Proteobacteria,
with members sharing >89% identity of the 16S rRNA gene. It contains more than 40 different genera. Roseobacter was
found to be abundant in marine environment, especially in coastal and polar oceans, where Roseobacter clade comprises
15%—25% of the total bacterioplankton communities. Roseobacters also exist ubiquitously in the ocean. Based on culture
collections, 16S rRNA clone libraries, and single-cell analyses, roseobacters have been identified in most marine
environment sampled, such as sea ice, sea floor, hypersaline microbial mats, sponges, sea grasses, and coastal biofilms,
etc. whereas, this bacterial group is noticeable absent in analogous freshwater and terrestrial soil environment. Quantitative
16S rRNA gene analyses show that Roseobacter populations fall off with depth in the ocean, and are often most abundant in
bacterial communities associated with marine algae. Roseobacter lineage is the only abundant marine group, whose cultivated
representatives are closely related to the not-yet-cultivated environmental clone sequences. Diverse life styles have been
found in Roseobacter clade, such as free living, particle associated, or in commensal relationships with marine
phytoplankton, invertebrates, and vertebrates. Also, diverse physiological metabolic traits were found in this bacterial
group. For example, some roseobacters can generate metabolic energy from light using the ancient purple bacterial

mechanism of anaerobic photosynthesis without production of oxygen ( anaerobic anoxygenic photosynthesis), while some
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roseobacters have the physiological metabolic traits of degradation of sulfur compounds or aromatics, oxidation of carbon
monoxide, or reduction of trace metals, etc. Thus, it is considered that roseobacters may play important roles in marine
carbon and sulfur cycles, as well as the global climate regulation. There are more than forty roseobacters whose whole
genome sequences are available in the current public databases. Analysis of these genomes also reflected the metabolic
versatility of the Roseobacter lineage. The cellular requirements of roseobacters for nitrogen are largely satisfied by
regenerated ammonium and organic compounds ( polyamines, allophanate, and urea), while the requirement for carbon
sources are satisfied by amino acids, glyoxylate, and aromatic metabolites. Also, a large number of genes are predicted to
encode proteins involved in the production, degradation, and efflux of toxins and metabolites, suggesting the potential for
interacting with neighboring cells and impacting the routing of organic matter into the microbial loop. Laboratory experiments
found that the various bioactive secondary metabolites of roseobacters include antagonist against fish larval bacterial
pathogens, antibiotic against marine bacteria and algae, shellfish poison, and the bioactive LuxR — activating acylated
homoserine lactones ( AHLs) , which are a class of signaling molecules involved in bacterial quorum sensing, etc. Recently,
the interactions between roseobacters and their phages caused widespread attention. Several host—phage interaction systems
of the roseobacters were set up in the laboratory. Laboratory experiments revealed that roseophages play important roles in
mediating the physiology and promoting the evolution of roseobacters in marine environment. This review described the
recent research progresses of Roseobacter lineage in terms of their ecological distribution, lifestyle, physiological functions,
and genome features. Finally we suggested future research directions based on our understanding of the literature and our

own work.

Key Words: Roseobacter lineage; aerobic anoxygenic photosynthesis; sulfur metabolism; secondary metabolites;

roseophage

WIFT RIS E— 2R E T oI W N (a-Proteobacteria ) F—JS R 45 & B AHUT , (B A BRAR ST D REAR H 22
FER AR ZERE (7 40 Z AWM RME . BRI P oA o )1z, Wi 2 M K R JZ 2 i
JIE R BRI J L TCAANTE . JUHR AR ¥ S A L v SO AT T R 2 T A DI A A o 2R A
2y TR VRIR AN R R (1 15%—25% o 53 Ah  #E— S8 mdh AR+ e rp A e BRECRAT B 2R B AE e 3R
HHGT B 1 A ey R AR s SR T BT TR S AR A — R SRR AR

1991 4F H 42735 Shiba B UCH & 73 25 15 77 4845 P b BO AT 3 28 8F 18, 53901 /& Roseobacter denitrificans 5
Roseobacter litoralis , 1% P AP 40 1 1 HA - E A =200 & 1EH MEF HERBThae? | JE¥k , NATT B
SEAE S % 53 B R SRR 22 PN W] B9 OB TR B AR, (]IS R ] 7 AR 28 07 v AN T 16S rRNA BRI 1Y e i
SCEEMY BA5E DNA 530 7 FISH 2438 HiAR % TESE T SO AT i 2SI s Ae g v vp K AP e WA R 31
BURFF R 55— R, BV D) 6 S0 3 AR5 4 By 3 9%, LS U0 = 4510 T 35 3R AR 2 BUMAT T g
i R L A R DR T BB AT B S T o R A oV T A T A B A S T RE AT IR S A A

UEAEAR | NATT SRS e IR P AT T A B BT 2R ) 8 A A7 =R AR BRI R . A 1 LA B4 Y
B AAE A W LA A0 N A B H 5 PE Ry 28 OB HESh Y AE s ) S 3 . 5340 R
ZHRFTRER T BRI A FOLE R FRAERS, i B E AR % UK CO | s il e 28 S 2 05
I 7 A Z AR AE A T | D K AT i 205 7 ) — WY BR B AR A R N ( DMSP ) AT 7= A= 5 S fi
AT SE I AR LG (DMS) 45> 4 SRR BOAT B R BTV A S R G P B B E R 5 T
AT 2 G0 IS HITRE T REWTIE . A SCE BRS04 A7 2 A B Eh B 55 5 T 73 B O
Wk T BT W R E AR A S RGP R EAE R S508 T O TR BORAT I S RFIF ST A0 1T 0
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FIESARIIA AT SR BEAT T 5, B A2 1] 16S rRNA Fe[H 5 i RIER KT 89% , #ZE HAl, B k%
TE A BOAT TR 2SR B 35 40 Z R4 FPE D . 2 1 R RIS TEEAT RS g SR g, A
T 1 AT LVE I BORFT SRR th B 0 AR 0z, DRI B A1 DT VE R 2 BRI TTAR Y L IR 1
PRI LT TCAE AN TE . 53 4h, BO AT W S HE R 7 5 38 (U W e ) IR Sk 2 26 3h i (25 W B
) DUl AR R SO R A P ) — SO A R IAE A T R R T ok - e R S

KA A8 2 B, BUOLFT TR 25 0 D1 30T T 5 W b v v v = B iy, 29 o S VR i A @ﬁ?%ﬂ@ 15%—
25%'Y AR SETECAT B R B 78 BRI VR P F I R HGE A AP e — B 22 5 X T RE = TR
() S o g 12 A S B A O ) i B, 8 4 1) 5 T BCBAT R SR 11 = B 1) vk R B Ay B b ik
FEHREF 2580k FEME SO TR B i PCR % (BAC SUR S S UEIEE | Eilers 55F R 9624 S HAR & 3
5 [ 7R A V7 U VA R B R A 0 A PP BB TR 2K B T ) A i 209 - DeLong fl Karl 55 Suzuki %5 F
BAC SCHERCARAF I K BUAE 5 IR A Je .52 4 FLI W R 2 R0 80 m IR AR /K A v, B BRAT TR S P 1T o A e
Y REVE 0 L )43 B ek 21.1% 45 23.6% %%, 4Kl Moran 5 Venter %5 F1] F 5 A% 50 e SO P9 e IRECBRAT 1
BEEAE Sargasso WA BT b7 B EL BN 39

ZRG DAE B R & 0 58, A Ok & I B B AT TR S B 0T R BLOA T S PR, BR R — SRR N By B RR 40
Ketogulonicigenium. FULFN R AE G0 H A A B A0, BOSAT TR R A A T 15 B o 2 B PR v %o 66 %) W g e
ZRE SR Z IR AT 1Y — R M AYRAAE

R1 HRAHXHAESHARER

Table 1 Type strains of genera within the Roseobacter clade

REEF RFEH Sy B IR
Representatives of bacterial species Representative strains Isolation environments
Antarctobacter heliothermus EL-219 R 23R e 2R A
Citreicella thiooxidans CHLG 1 S (=R i)
Citreimonas salinaria CL-SP 20 MR 37 1 R K
Dinoroseobacter shibae DFL12 TR RO 3
Donghicola eburneus SW-277 B AR K
Jannaschia helgolandensis Hel 10 7 ] A T 1
Ketogulonicigenium vulgare DSM 4025 fedh T

Leisingera methulohalidivorans MB 2 N 4% e AT
Loktanella salsilacus LMG 21507 A 3T
Mameliella alba JLT354-WT o [ R K
Maribius salinus CL-SP27 MR 37 1) e bk
Marinovum algicola ATCC 51440 i ik
Mritimibacter alkaliphilus HTCC2654 B s

Nereida ignava 2SM4 K
Oceanibulbus indolifex HELA45 7 ] v T VA
Oceanicola granulosus HTCC2516 76 2 it K 4
Octadecabacter arcticus 238 e A PR K A
Palleronia marisminoris B33 b v 142 96 7 B U 1 s .
Pelagibaca bermudensis HTCC2601 [IEESYECH: 35/ T
Phaeobacter gallaeciensis BS107 Jid DL SR B IK A
Pseudoruegeria aquimaris SW-255 i [ 2R I 30T 1A
Roseibacterium elogatum 0Ch323 TR P8 ¥ e v
Roseicyclus mahoneyenses ML6 Jin# K Mahoney #i
Roseisalinus antarcticus EL-88 [EapaulEs =R el
Roseivivax halodurans 0Ch239 WRRRIE 56 358 % 20 B A A )
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e b SYBIEREE
Representatives of bacterial species Representative strains Isolation environments
Roseobacter litoralis 0Ch149 s

Roseovarius tolerans EL-172 R AR B R A
Rubellimcrobium thermopilum C-1vk-R2A-2 WHHH T TR
Ruegeria altantica LAM14463 RRVGFEHF IR TR
Sagittula stellata E-37 FEETTIE WA K A4
Salipiger mucosus A3 VU BIESE b o of S e vy k1
Shimia marina CL-TA03 AT T A8 3 T A W R
Silicibacter lacuscaerulensis ITI-1157 TR 2L B RE R A
Sulfitobacter pontiacus ChLG10 PRI 100m VRBLE T
Thalassobacter stenotrophicusi CECT5294 by Hh T K A
Thalassobius mediterranues CECT5383 UL RHESIRGY/NEN
Thalassococcus halodurans UST050418-052 RN

Wenxnia marina HY34 r ] R T FE U
Yangia pacifica DX5-10 rh [ b TR
Marinosulfonomonas methylotropha PSCH4 YA 22T R T K
Tateuamaria omphalii MKT107 AR Wit i

2 BBHEEHENEESTEREESFR BBERPHIEA
2.1 HEATEOCERHE

BTG A AT ( Aerobic anoxygenic photosynthesis bacteria, AAPB) J&7EA A KM T LAWY itk
Wy ek S RS 38 5 A B A R A O REEA T AR EIF AR R — R E A% B Y . AAPB 12T
A G TR AEAE S ] )2 00 A T ki B2 . BRI PE ORGP FI B S ARG PR vh AR 4G A 7T 200 1Y
EEAEH,

20 ZAFTTHS 1 BRBCR IR AAPB TH RIS EORAT B R. denitrificans® | A3l HL I , AAPB 13 7/F
BRGNP EEEAZRN V2 KTE, AAPB A & SR AR A SR AE , N PR a4 ] A T SR AR K
HER KT AR ERE o LEERZRMIHE R 25, Mgtk 8 AAPB 7EBURAT W2
REPRERAFTE, HATE A B 10 2[RI ME BB B 28R BT i S8R - 206 AR I g, 48K
ZHOX KRBT W 2 L MR A0 TEDR B T AREEAT & A Ko (B A & 7 BUBR AT B 40 Roseobacter
denitrificans Fl Dinoroseobacter shiba <5 R] F| Vil f2 45 535 — W e N-S2 AL VE A B T2 AR T IRAAE K R T
HePE R R AN TR, 15 S AN o AE— S8 A PR 1 HLA 3 B A AR U

) AAPB BN R A A A TR RS v i AR 5 BLHE A AN T, B35 R R IR TR 43R a LA ROG G SO
T R (pufLM) 5 AT 4 3R 5 AR ] (beh ) TR PRIF A0 Th ) Z AR, ATTA T IR0 E] AAPB
FEMFE ARSI h A 255 ) ZER 2K P v SO AT B R RE i i A P O B R IR IR AN ST
A, AT —E FERE E RO R 2 MK A HUR Y 75 oK &, A BR A B T SCRp A W0 o8 2 S g s A= 4, PR T
X BAFEA AU S 95 DI RE 10 B AT B SR DR PR ) A4 1 7 PR P AR A S R B B iR 1) AR A7 S A0 3
H52 0 BT v A HLBR VR it i A AR S 3h e
22 —HemEEN

— SRR (CO) 2R i 2 P i — b B R Ak 2 SO, B R A v R Ok R AL T A
B AT S el i 28 AR SR AR A S VB i 20k o PRI R ST b R BA DG RS AT 5 [ S B /K Ak & 0 00 4 Ak, DT RS
JCO M, EUBRAT RS h AR 2 i A & B 484k CO P, S5 CO Iy THAE™ |

HAETA 2 FHEE R I BORFT SR S 5 CO MY EA 55 1 PR 7E S 90 % 4508 T 418 7]
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PLEAL CO BIBCIRAT R 48 &R Ruegeria pomeroyi'™ 3 55— AN UEHE S 7E BCRAT B (40 Ruegeria pomeroyi |, JEFK N
Silicibacter pomeroyi ) 3P4 H & BT 45 il — S AL b AL BRI T FE IR (cow ) ' HEARGE , R pomeroyi B UESE
FESIL I L IR 2K (A rh €O YR 4331124 10 nmol/L 1 2 nmol/L HF I T iE4T CO Y%Ak . A3t BORAT i IF
AMEHELAE CO FAEIFE, L CO 15y e —miE A BEIR AT ALBE A FR A4 1K, MISGE A CO b e RE
AT R IR,

R. pomeroyi BYFERZH FALE 2 5 CO EAbA RBVERAT, 2 0lE T 2 DAERY CO B &l (coxl) FeH
% BMS H1 OMP , B 1% CO WY EMPEAFE—E 2R, BMS X CO BYEANPEFITFAL, Il OMP &4} CO 30
BIURK X 2 K R TR [R]— A2 R v ) [ BSp A7AE J 6 BR  —Foid  E  , feiA5 % AE W REAE AR [R] CO YR FE S
P A6 A R 1 e A TG RS

AT BT CO A ML coxL BIFFFETIYY, A 0T A 2 # RS R LR Z 8 CO AL TH R m
T - B-F v IE T W ,/H\q:'@./ﬁ’\ Ruegeria J& 5 Roseobacter }%%E‘J*%ﬂéﬂfﬁﬂ:m s HIkHAEAHRE
T 6 AR AT BORAT R SEAE  plOR BLRAT AL CO URE T, X CO my %Akt sl A Jhy ml e 2 e FHDOG IR
SERYERIZ KR BORAT TSR 52 5 F SR IR RE 1 i — R A A7 SR
2.3 JFEIRME YRR

TP AR R ) A R R P P A B 5 A A B W T W B P A T B2 O3 | P AR RIS S i ik PR 0 A
AL G VAR RE B AV A TR AR 1 o AT R SRR A ) R AT 8 4R 5 R (R BT TR ST AT, I /s BB
MR RE RA 5 B AL S WSRE Sy . BORAFEZERE D i —LL R R B AR , 9 40 Sagitiula stellata E-37, 7]
VAR S B A A Ay B A KRR TAE K S Buchan 5817 8 16 B0 ] () OB AT B8 rh BRI 5] -
O R AR 34 A28 v i) — o o S A il R AL 92 DR 4 B 1Y) 2 1 I T A K BT R 19 5% 4k, 53 4h, Buchan
U R AR IR GO BV IR G B AL A (R B R B 120 AR [R] ) 2SR R o —2f
A b iz R AT DS 90 20 0 e RO TR 2R, 3R BIAR 20 i o B A T 2 v T B BLAT [ i 05 B 2L B e
I3 IR HAE KR RE AN AE

ULAER  SCTF BO AT B TR BRG  5 1 1 & 0 1) W8 A BB 0 R WA BT O IF S 403 . Bl Brito 551 76 &
TR DAY B L PG LLRARTTAR Y rh Oy A B 8 AR EBCRAT R SR I , B AT R I TR R AR A 0
FIEACA VIR RETT (10%—100% ) . Petra 55 FESZ 411015 Y MBI K AR TR IR R BRAEAE A R BORAT TR 26
TR

H 7 BCAT R 2 h R I S B A B WA A2 B T L3RR B-C ZEfCIHEARS , i G4 vl i
T YA ) T R R R A 1 5K R R R A R e e A2 45 . o R IR AR IR AR IR 2 A7 A6 T 34 id
2.4  ZHIGEGIE

BORAFEZERE AR 2 1 AT TRAL Y R A AR RE ) . TEBORAFRIZRRER) 40 Z2DARME D, B 12 4
Pt A AN O R 0T S 55 AR e . W EHIIE N IR ( DMSP ) Je: 6 7 v i o 2 A 1l ) — b R 4
FRANNE-5 K 18] 78 2718 LA B I IR K B & A & 9, 38 28 A A BT T 349 2 1o o] R B 58 i A R
DMSP, [Tl DMSP 2 v i B AR IR, BT R SEAF IR 28 W R R AR T B PR BT (JUHUZ F ) 55K
TR SR AN L, PR DMSP AV R B IR AN WA T A K I S B i 2B 0 v ) O S5 A B R B 1 L B
BT T ST 0 AT 30 ) B e R RN 25 T AL P AR AR i S MB35 H ) DMISP 7™ AE 5 00 ) 9 Al DG g — 1
LB (DMS) SR DMS #EAKRST , FEYEFE A o 36 A bR iR SR B IR 3R (NSS-SO7 ) T H LA R 46
XEEALE WS T WK 3, AT LAFE Y 2= I BESS 1% T R 210 2 )2 DT o R FF 4 S 1) 2= SS9, 1 b 3k = T
T B A, X2 it 2 AR AR R A A o DR T OB TR 2 A A Bk A i 1y rh R 55— BRI

BRI Z A, T BT TR R 0 BAT F AL H B 2 PP oA HLAR (40— P L | 500 66 PP st | P At A — PP
WEARE ) LA TEHLER A TR A RE S7 , il ket B4R GR Ak Ak Bk S et o2

55 1 BRAE DMSP R A= I 43 2545 21 A0 4 S0 240 81 B Ok BB AT RIS E 1 1Y Silicibacter Pomeroyi, &1 /2 H HT
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L 014 I — — b BE B e 4 R A | SR 3k 25 HY AL P bR 12 I A DMSP (03 40T > . 53 4h, Moran
55 Todd %" »' JRTE R. Pomeroyi FIFER AL i & B 5 ASXH S FREH 08 A DMSP CHHAH G A E N, IRk, Bos
FFAE R BERTE AR SR B DMSP 14 5 2 BT 1 1 AE K f Ry 2

3 HEAERENEEARXREXERBE~Y

31 HGEEdtg

R Z BOAT H2ERE D A AT 582 LR S8 el T B AR 0GR, — 7 T BORAT R 260
SR P A S R — F LB AL I R ( DMSP ) VR B U R RE IR 2 B B A= A A 7 22, (AT |y T BT 7R 26
REPIR Z2 U A7 00 G 0T , BE3E (AT R ) nl #5707 5 A ) BACBA 1R A 1 i o 21 o 5 TR AT
HLJF ( dissolved organic carbon, DOM ) FlIJ BRAE B G2 , AR HEBCBRAT m 28 B 1 A 45 o — T, B0
FI AR AT 0 T A= A JOHLER R A R B12 %5, R sk fe b2 K0 1/ 1 e B Ry o7
T AEY) (3 328 5 BT R ZE AP A AR SC R R IRT , BOMAT TR 2 A 5 2 2 1) 1 ) Jo S 8 s RH B TG
FARTTRE R 1 —Fh B vir FEPE A 4 95000 2R G0 (T4SS ) s BE AR (55 (QS) KA T, Alavi
SEUTURGAE T B Piesteria IREFREE TR I 50% 1N 1A T VA A0 )8 T B AT I ZHE, [ R IO S R
B A B B AT B 2SR I 5 B Piesteria 2N ARG FR AT B % AHE . Br5H BIA4 353K Hube AL o AR —
ol W ey T SR S ], BT TR S T N T 2 AR A

SR, BORFF RIS B 2R A A C R WA — U S , 2 2 A 7 A i 1 5 55 st i 7 1 IR
S AT RE S R RN S |  BORAT TR SR AL VAT, S IV A BT, IR SR AR T, P 2 () ph
SRR AR R BN, Riclea %5 WF5E & B AT I R. pomeroyi 7] 43I UK B AR T - N iR , {2
B B LT ; Phaeobacter gallaeciensis T 43 15 57 4 411 38 4 it roseobacticide fiE #F ¥ ¥ BR A1 6 45 7% 1) 88 19
5 R

AR W RS
HeA:HKB12
2R
p3n 9 IVAER=

B EEY S HIATE R R X R E

Fig.1 A model of the symbiosis relationship between roseobacters and phytoplankton

32 HEZIYIA

B T SR A Y I AR A BT SR I R AN R R S I | Sk B fe | DISRgh L a2R SR TORHERN R
HESH A | AL 3 W A AR T - WK B R A sh ) e 32 0 B 142 3, LA 2R AR CR ™ . Hijelm 2560
R BREBCRAT TR 2R RGALL 4332 v Ay B R i 3 b 1 W 2 A 400 Jo T8 40 4K 08 B0 T (I ey ) A HIRB A
Ruiz-Ponte %V K3 R. galleaeciensis X} 15 UL 4 AT ARMUAG 25 A R . H AT E & B BOBLAT 1 IS A 11 e
G305 4 B 0 1 55 D5 TR 1) VR 2B AR I 25 tropodithietic acid (TDA) (#8715 % (Indigoidine) 5% 4 k%
B A G|E WSIATT AR BRIR RN € R R A
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AN AE BN SR A — S B A B B A IR, (9 AN BB AT B8] Roseovarius crassostreae 1B &5
AL W7 40y HU G Y B B0 1R, A ] B AR TR A 90% A 1P
3.3 BERE

FEABN R TR AT . A & 772 B — 269K A 5 9 it (autoinducer, Al) 5543, If38 b 80
o B AR AL PR R D REARA TR 090 B A 2, MUAR Y AT R B R Bl 4 T % BE A ik, ik B —
i SR BE I, AT GBS B BRI N AHDCEE IR B 3Rk AR A B B AE AT o8, W= A dE R B RUEYIIR - i AE R
A D@ RIS AT I — RN IS H A T T A B — i B S A K e DR T R SRt
ik 20 0 2 AR ) B R Bk ) ARG AN T B B4 15 5 43 RIURR R, ML T AS ], AR SRR 2 G 3 AR v 43y 3
AMRFNERY IS FEE 22 FC VRN B P B i DL A RIS Lux]/ LuxR BEMARER N R 58, % 2 50— B A H k-1 22
RN (AHL) R AW FAENES 0T 640 78 BOIFT 58 28 B A0 G S8 40 B P IR A7 7 X Al LuxD/
LuxR #EAREN RS0, Lux] (AEW(5 B2 RV BT Al ot 2 BH | 76 © 0135k PR AL BT R 2 1R v, 80% LA I
HRE/DAD T 1A Luxd AR R4 el e 4 AHL SEATREACRON VR A B i A ariG s L e HS B
BRAT RS D E i L 35 3R] X R AR N B G 25 TN W & | (R i 2 4 AT 7 AR P AR 3R I e o B R Uk
PR AE i e e R A K

4 BBEMEEBENERASFIESEEFEBEF(gene transfer agent, GTA)

Pl , B0 H AT R AT 40 ZRhAHE 8L 1A BE I LN 40 /M E 3.0—5.5 Mbp
Z 6], 200 4.4 Mbp, BA 2R 0GR, 25 2R RAGTE 3, 40 co a4k aRAir .
A RCR AR AED  HETE BT R 2SR IR A /NI Loktanella vestfoldensis SKA 53, 4K ALK
3.06 Mbp, f KHIZ Roseovarius sp. HTCC2601, FPHZH4 KN 5.4 Mbp' > * |

TEBCRAT R B s RSN 2 W SAFAE R Z DA RN BORL . B0 FEBCRAT B R, Litoralis ™, BORL
2y 5B FER AR/ 5% , 18 S. pomeroyi W TORLFT i LIS 5, 2950 10% , ookE b4l — LD BERE [ (2
pea puf Al nir 55 ) 1240 M T Y ARSI 5 A% T E BB AT T SR AN B 2 AR AL Y R BRI R R R
AR,

BEAI, S4TSR AT R BRAE BT B 2B P, TR HE: Roseobacter J& 1A 41 TR HH 28 A7 16— Fh 2 AL T I o A i
KL ZEAE) , BFR N IE RS 1 (GTA ) o GTA 2 il 4I BRI 10 B R R B 28 0L ) A= 1y Ok, B B
HET R W) B 18 LR I BERL/N e BOm AL 3 S GTA A BB, H 3222 1 T AR HIAE Sk 2 1)
AR IE DGR O it GTA RSERIFRE — M & 15 IR 435l 4 R orfg 1-151" Biers 551 BF9E T3
BLFFE R. pomeroyi DSS-3 ) GTA FERIFEL5H) , & BL DSS-3 & A GTA FERZ 15 NFEEHE B 13 4, [FIATERE T
DSS-3 AT LME B GTA KAEAKCFIEFEAS . d T4l GTA (3540 25 H 3L I (WK 72 26 (3 I o5 ) BAT B 1
PRSP, Zhao %59 DL ¢S FERE R 4> FARICIERBFSE T & GTA JEH AY LN 7 92 [H Chesapeake Bay 27K
HIZHEE, FIFHRE AL T 1Y) 22 Bk Roseobacer 1) g5 HE R FEATH™ 4 , 45 5 5 7 Fr il 3 () OB AT 18 T AR AT £ 5
oS FEH . F AN, o5 FeH 75 1) 34k 43 A & B Chespeake Bay "1 AL 3EA5 12 & o5 FEH Y Roseobacter Fll
Rhodobacter EI/‘]EEE%&,,H\':P 11 MR T Roseobacter , 5 7x GTA R 7E Roseobacter F R RE)™ ZIETE,

5 BBAEEHSHES(REE) BHEEXER

RPN R AR PR LR S R G B A i ) — PR WD RE BT P B AR W A SE TR R A= W
VR IR YRR L K S AR A ST R I A YR A IR R P AR Y W
Wt B AR JC I JJG 200 AN Jl D 267 A BT ) AT, 1R Z T K R R 20 W8 T8 30% 114 4 B 2 B Wk T AR P SR, A — L8
REPR Y EREE , ANTRIERII , Ph W oA (A T S B A T AT T30 5 8 80% LA B e T BUBLFF TR S BE R AL 1 31
S v (Y EE LA AT, 249 o5 A VR U TR R 1 15%—25% , I I 45 v R R A Rt RS SRR UL BT
BRI ST B PR A A, AR SR AT A B 2 BRI o BT TR SR A A TR A o) S W AR, HATE A 2 6
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T SO TR W T AR O IS

Rohwer %'+ JUAERT 70 B 5] 1 ¥REEASIRYY Roseobacter SIO67 FIBHLAT R H 1A Roseophage SIO1, X H:
S HERH A TINF FIERESS , KN Roseophage SI01 B 2™ HE K 5 K AT M B 1A T3 F0 T7 FhokEx iz (9 25
FI 3 PR PP AR AL, I 75 26 T R 2 ( AR W T A ) -5 i s 2 7 R PR 2 )l b B A — e e A [R] R
PEFATIRN X AL T BORAT BV PR 10 26— R 18, KT, 7EZ S A AT 10 4RI 8] 8L, OC T SO AT T ik 7l
BT — BAL T2 RS HRNE X — Iy AR A TR 32 B, JF IS0 25 K HRIE

2009 4 Angly AL I A AR S WAL ¥ A3 B 3] 4 BRAEAS IR Roseobacter SI067 FUWETE A, A SC/E# T
. LAECELAT I Roseobacter denitrificans OCh114 YE R 1E 1, A B R 43 B8 21 1 AR IG5 S A0 v 1) 0t o £k
RDJLD1, Mg A HA BER A ZLHRE 7 - Y HIR YL T S 40 B I, TR 3240 M N T AR I 2924 80 min, BE S EI
SN F ALY FCfE . J5ok, 850 5 Huang 551 G VE MR A AN BOMAI 58 1 20 AR e 1 5 00 & A8 5 7
SR A B8 1 RIS T RER Y PR X0 TR N AL AT T I SR 4 . 4k, 3,
RSB R T 1 MRIEYE Silicibacter pomeroyi DSS-3 BYBEE A DSS-3 &1

BRI Z A0, I8 22 A BB AT T8 28 B T8 W ol AR 0 4138, HoAE 3 2 B0 45 Roseovarius nubinhibens ISM?
Sulfitobacter sp. EE-36""" Celeribacter sp. IMCC12053"* 25 | phy b m UL B BRAT B S HEE 1 1] RE A ) 10 s o A SR g
T 0 A A SR e o 200 T 114 £ AR A R A 4 A S | PRLHORTEEVE T BT R SR I A 5 3l i 7R
Lo H A A SGR AT 2R 5 B 48 ST I, G PR PR 558 b O A7 A B W TR A 5 AT T2 AL A EL AR G Rt 2 — A
ANTTECER ) B E R

6 Z5iE

ZE B ATIR ST BORAT BRI R Y AR S S B B2 A B OO R T O RS A, HRTEC
BUAT B O O MR A0 T h B TS e 2 A R SR 2 — , ©AF 40 AR A 40 T s i M, o 2 k=2
BRI UVENIN 3 S35bEA 40 ZRRBBAT R ISHERE 58 B 1 ALY 33X O 4 Ja AT TS %8 0
M RIRADITEBE TN 5 i AL (5 B 5, A DU LA 5 i iR A R gt AT IR ABIESE : (1)
UTEAF SR B F B T A A0 Tk AL HERR SR DR | T35 Yl [R) R OR B B BB R A HLTS e DL R BT R AR
Er R BN R REE AR | BOBAT B AR O A A5 v 09 T SO A A R A 775 e I A =247 o DA
A W i 5 A g 7 T A RE A4 AR SRR A DRI B Xk BACBLAT v 2 0 T 1 05 e W ) A= W e i 0
SR A WA G R A Yy ERAG 2B R 7 T ATANSRAIE S 5 (2) Hh T BB R 28 AR R 0] ™ A BAT AR T
AU LEACIBI I I, NP A 3R I e ot LA e 2 M AL A (5 S W B2 | DAL T 6] S8 B BT 1 IS A 100 A B A T 2R )
T PR G IR AR D7 T AT IR RABIESE 5 (3) B SR BUBILAT T8 S0 18 5 o) W s g, AR T I i A 20
KR e B BCEAT BRI R 20 B A B R T (R A ) | AN i B8 368 i o sk A B BT B 5 BT, e
Ct T BT R R SR B A B B AR W AR JE T RE L2 RO [R]85 25 s 32 2 8] R AR AR AR T
H IR R DR A7 B B X 200 T i 2 090 A A e A PR 2 A A S ), DR TR S B 2 s B
J& T R R J EEAT B 2SR 0 R R A IR R ORI SE HAR BRI SC R TR IR A DTS R AT B T X016
TEECAT BRI L 258l A RE AT S A 1 R 800 T i o
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